UNCLASSIFtEO 

/oH 

ACl 

4£7«j.: 


BOSTON  COLL  CNESTnJT  HILL  MASS  DEPT  OF  CHEMISTRY  F/6  7/3 

CATALYTIC  OXIDATION  OF  PHOSPHINES  BY  TRANSITION  METAL-ACTIVATEO— EtC(U) 
NOV  79  K  M  NICHOLAS 


I 

CD 


OFFICE  OF  NAVAL  RESEARCH 


Contract  #NR  053-683 
Technical  Report  No.  1 


Catalytic  Oxidation  of  Phosphines  by 
Transition  Metal-Activated  Carbon  Dioxide 


Kenneth  M.  Nicholas 


Prepared  for  Publication  in  the 
Journal  of  Organometallic  Chemistry 


Boston  College 
Department  of  Chemistry 
Chestnut  Kill,  MA.  02167 


November  19,  1979 

Reproduction  in  whole  or  in  part  is  permitted  for  any 
purpose  of  the  United  States  Government 

*This  docviment  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited 


80 


■>ECU.’.ITV  CLASSIFICATION  OF  THIS  PAGE  flFh»n  D»l«  Enl»i»tl) 


REPORT  DOCUMENTATION  PAGE 


>  REPORT  NUMBER 


2.  GOVT  ACCESSION  NO. 


1 (one) 


READ  INSTRUCTIONS 
liEFORK  COMF^LETING  FORM 


3-  F<EC|P|EnT*S  catalog  number 


.5.  TYPE  OP  REPORT  A  PERIOD  COVERED 


Catalytic  Oxidation  of  Phosphines  by 
Transition  Metal-Activated  Carbon  Dioxidf 


interim 


.  PERFORMING  ORG.  REPORT  NUMBER 


7.  authorc*; 


8.  contract  or  grant  NUM9ERf»; 


Kenneth  M./Nicholas 


NR  053  683 


PcRPOPMiNG  organization  NAME  AND  ADDRESS 


10.  PROGRAM  element,  project.  TAS< 
AREA  &  WORK  UNIT  NUMBERS 


Department  of  Chemistry 

Boston  College,  Chestnut  Hill  MA  02167 


11.  controlling  OFFICE  NAME  AND  ADDRESS 

Office  of  Naval  Research  ^ 

Arlington,  VA  22217  ^ 


U.  monitoring  AGENCY  N  AME  A  ADD R ESSf'i/ /rdm  Coq 


//'  j. 


15.  SECURITY  CLASS,  (ot  thia  repor.*; 


unclassified 


1S4».  DECLASSIFI  CATION/ down  GRADING 
schedule 


18.  Sus»PL£MENTAR 


submitted  for  publication  in  the  Journal  of  Organometallic 
Chemistry 


19.  KEY  WORDS  (Cantinum  on  roversm  oldo  U  necessary  and  fdontify  by  block  numbor) 


catalytic  oxidation,  carbon  dioxide  activation,  phosphine 
oxidation 


2^  ,  abstract  (ConHnu9  on  reverse  side  //  neceseery  end  identity  oy  block  number; 
'  ¥ 


The  complexes  (Php)tRhCl  and  (cyclooctene)tRhCl  ^  have  been 
found  to  catalyze  the  oxidation  of  phosphines  by  carbon  dioxide 
in  refluxing  decalin.  The  rate  of  oxidation  increases  in  the 
order  PPh^<PBuPh^<PEt^ . 


Lr  .  . 


DD  ,  1473  EDITION  OF  I  NOV  65  IS  ODSOLCTE 

S/N  0102.LF.014.6601 


SeCUKITV  CLASSIFICATION  OF  THIS  PAOB  (Whm  OafA  Snltna> 

s  «  '3  T  ■  V  ' 


» 0  i  i  i 


V/ 


CATALYTIC  OXIDATION  OF  PHOSPHINES  BY  TRANSITION 
METAL-ACTIVATED  CARBON  DIOXIDE 
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Summary 


The  complexes  (Ph2P)3RhCl  and  [(cyclooctene) 2AhCl] 2  have  been 
found  to  catalyze  the  oxidation  of  phosphines  by  carbon  dioxide  in 
refluxing  decalin.  The  rate  of  oxidation  increases  in  the  order 


PPhj  <  PBuPhj  <  PEt^. 
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As  the  world's  petroleum  reserves  dwindle,  there  is  an 

intensive  search  underway  for  alternative  fuels  and  organic 

feedstocks.  This  has  stimulated  considerable  interest  in  the 

potential  activation  of  carbon  dioxide  by  means  of  transition 

metal  complexes^.  Although  a  few  discreet  CO2  complexes  have 
2-7 

been  reported  ,  in  several  cases,  reactions  of  carbon  dioxide 

with  metal  complexes  have  yielded  carbonyl  and  carbonate  or  oxide 

species  -  products  of  CO2  disproportionation^”^^.  In  a  few  instances, 

12  13 

e.g.  in  reactions  of  CO2  with  (C2H^)Mo (diphos) 2  and  (R2p)2RhCl  , 
stoichiometric  0-atom  transfer  to  phsophine  apparently  occurs , 
producing  phosphine  oxide,  either  free  or  coordinated.  We  now 
report  that  under  appropriate  conditions,  phosphines  can  be  oxidized 
by  carbon  dioxide  catalytically  in  the  presence  of  [ (cyclooctene) 2RhCl] 2 
or  (Ph3p)3RhCl  (eg.  1). 

L.Rh(I)X 

CO-  +  PR-  — - ►  OPR-  +  CO  (eg.  1) 

decalin 

When  a  decalin  solution  of  triphenylphosphine  containing  one 

mole  %  of  (Ph3P)RhCl  or  [ (CgH^^) 2RhCl] 2  is  refluxed  (ca.  185°C) 

* 

under  an  atmosphere  of  purified  CO2  ,  triphenylphosphine  oxide 
is  slowly  produced  (turnover  number  ca.  20/day)  as  indicated  by 

_i  ** 

the  growth  of  IR  bands  at  1210,  1115,  and  720cm  .  After  several 

days,  high  yields  of  Ph^PO  (m.p.  148-151°,  lit^^  150-152)  could 
be  obtained  upon  cooling  the  mixture.  The  co-production  of  CO  was 
confirmed  by  the  gradual  formation  of  a  Mn02/Ag  precipitate  when 

*"Bone  dry"  grade  CO2  was  passed  first  through  a  Cr(II)/HC104  solution, 
then  through  a  dry  ice  trap,  and  finally  over  3A  molecular  sieves. 

**No  reaction  was  observed  In  the  absence  of  (PPh3)-RhCl  or  under  a 
nitrogen  atmosphere. 


the  exit  gases  were  passed  through  an  aqueous  KMnO^/AgNO^  solution^ 

Other  phosphines  are  also  oxidized  under  these  conditions  and 
qualitatively,  the  rate  of  reaction  parallels  the  phosphine 
basicity.  Thus,  while  the  oxidation  of  PPh^  was  complete  only 
after  7-8  days,  PBuPh2  was  totally  converted  to  0PBuPh2  after  3 
days,  and  PEt^  to  OPEt^  in  less  than  44  hrs . 

We  do  not  as  yet  have  any  direct  mechanistic  information  on 
these  reactions  and  so  any  proposed  mechanisms  at  present  are 
best  considered  somewhat  speculative.  However,  in  view  of  the 
reported  conversion  of  (R2P)2Rh(C02)Cl  to  (R^P) (R^PO) Rh (CO) Cl^^ 
and  our  observation  of  the  lesser  catalytic  activity  of 
(PPhj) 2^1  (CO)Cl  compared  to  (PPh2)3RhCl  (precluding  the  inter¬ 
mediacy  of  the  former) ,  we  suggest  the  following  scheme  as  a 


reasonable  working  hypothesis. 


Scheme  1 
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Kinetic  studies  are  in  progress  as  are  efforts  to  establish 
the  scope  of  transition  metal-mediated  CO2  oxidations  with  other 
catalysts  and  substrates. 
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